To-day radiotherapy is accepted as one of the major weapons against malignant disease, but for most radiotherapists the experience which can be gained in treating tumours in children is limited by the fact that children form a very small part of normal radiotherapeutic practice. In addition the tumours which occur in children are quite different from those seen in adults, a fact illustrated in Table I , which gives the relative incidence of the tumours in children and adults in a year's practice in a radiotherapy centre. These two facts make it impossible and also undesirable for the radiotherapist to base the treatment of children purely on experience with adults. Over the past 25 to 30 years valuable data have been gained in the response of both children and their tumours to radiation therapy, so that it is now possible to make an evaluation of the role of radiotherapy in the treatment of tumours in children, particularly in the more commonly occurring types. Table II Cerebellar medulloblastomas form the largest group of central nervous system tumours in children. Because these neoplasms can metastasize throughout the cerebrospinal pathway, they are incurable by surgery alone. The fact that they are highly radiosensitive has made it possible to devise a technique whereby the whole central nervous system is treated in one volume, using a moderate dose of x rays. Thirty-eight per cent of the patients treated in this way have survived five years. Unfortunately late recurrence, even as long as 12 years after treatment, can happen.
Astrocytoma of the cerebellum is of course a relatively benign tumour but has a significant mortality. In many instances, this tumour can be eradicated by the neurosurgeon, and in many cases in the Children's Tumour Register cure by surgery alone has been possible. There remain, however, those cases in which residue is present or recurrence takes place, and these cases have been treated by radiation to the posterior fossa. In the Christie Hospital series x-ray treatment of such cases has resulted in a five-year survival rate of 59 %.
The other tumours which occur below the tentorium are mainly those of the brain-stem. In these cases a biopsy is contraindicated, and therefore treatment has to be given without histological proof. In the few cases where sections were available these were obtained at necropsy. X-ray treatment to the brain-stem is limited by the danger of damage to normal tissues, but within these limits there has been a survival rate of 28 %.
Tumours arising above the tentorium in the cerebral hemispheres are relatively uncommon, with a variety of histological diagnoses. In our series 34 patients had cerebral lesions and the histological types are shown in Table IV Outside the central nervous system there are two neural tumours which are of interest to the radiotherapist. Retinoblastoma can be cured by removal of the affected eye provided the tumour is confined to the globe. In bilateral cases this would of course lead to total blindness, and therefore radiation techniques have been perfected which will cure the tumour and at the same time preserve sight. Success in the radiotherapy of these intraocular growths depends really on the fact that the disease is usually considerably more advanced in one eye than in the other and this permits the less affected eye to be saved. Stallard (1955) has described his particular technique and the excellent results he has obtained in both survival and preservation of sight. Although radiotherapy has proved of great value in the treatment of retinoblastoma which is confined to the eye, the outlook for children with extraocular spread is much worse. Although x-ray treatment is always tried in these late cases it is likely that very few patients can be saved once the growth has spread outside the globe.
The neuroblastoma may originate in the suprarenal gland or anywhere along the sympathetic chain. given to the whole abdomen, they would be resistant in adults. This is particularly the other kidney and femoral the case in the rhabdomyosarcoma arising in the ing on the size and operability of orbit, where treatment of recurrences has produced treatment is given either before or a number of cures. Those having surgery first were
The reticulo-endothelial neoplasms such as rith smaller and earlier tumours Hodgkin's disease are treated in children in just the le irradiation was reserved for same way as in adults, and since they present no ses. The three-year survival rates special problems. will not be considered in any more up and the different treatment detail. l in Table VI proptosis in metastatic neuroblastoma.
In treating malignant disease with radiation, the 93 29 30-2 doses which have to be employed are bound to result in some damage to normal tissues with immediate most common sites of metastases and later sequelae. The immediate effects include lastoma and whilst with most skin reactions (usually to-day not severe), epilation is gained from treating pulmonary when the scalp has to be treated, and reduction in ival rate of 14% has been achieved the white cell count in the peripheral blood when ephroblastoma which had spread large volumes are treated. These reactions, except in very small babies, are in no way greater than those of bone has been a debatable experienced in adults. Ihologists maintaining that these
In recent years it has been realized that the euroblastoma. To the clinician it kidney is relatively sensitive to x rays, and in .s a primary malignant tumour of retrospect it is obvious that in some of the earlier ie usual picture of neuroblastoma. cases the kidney received a higher dose than it would clinically label Ewing's could tolerate and thereby suffered acute damage, not detected any raised urinary with fatal consequences. This is now avoidable and his tumour is sensitive to x-ray care is taken to keep the dose to the kidney well tastasis is the rule and very few below its tolerance. Due to the fact that the normal i; in fact, of all the patients tissues in children are more actively growing than in Fumour Register only one has adults, the later effects of radiation are more ive years.
obvious. The two which are most apparent are the umours which occur in children effect on bone growth, seen in the shortened trunk n by the radiotherapist. Because where radiation has been given to all or part of the t possible to say what the results spine, and the possible ovarian effects in girls who radiotherapy are likely to be. have had the lower abdomen treated. In five girls ;arcomata are not as uncommon who have been irradiated in this region and reached but in the majority of instances the age at which the menarche is to be expected, two ;ery, and where this is possible it have shown apparently normal development with itment of choice. Radiotherapy menstruation, two have developed normal secondary sex characteristics but have not menstruated, and one has failed to develop completely.
Unfortunately many children treated for tumours of the central nervous system are left with residual defects, including blindness and mental retardation. It is possible that in some cases radiation may play a part in producing these, but it is often difficult to assess whether the tumour, the surgery, or the irradiation has been the major cause of the damage. Many of the nerve effects are due to tumour and were present before treatment began, but it is impossible to measure the effects of either tumour or treatment on such things as intellect, as we have no certain guide as to how a particular child might have developed.
In this paper an attempt has been made to assess the value of irradiation in the treatment of tumours in children. With some of the neoplasms, radiotherapyhas an established place and it and is necessary to assess the radiosensitivity of the rarer tumours.
In the future we must try to discover why some children's neoplasms are radioresistant and whether results might be improved by a combination of surgery, irradiation, and chemotherapy.
